Purpose Cross-national comparisons of patterns of population aging have emerged as comparable national micro-data have become available. This study creates a metric using Rasch analysis and determines the health of American and Mexican older adult populations. Methods Secondary data analysis using representative samples aged 50 and older from 2012 U.S. Health and Retirement Study (n = 20,554); 2012 Mexican Health and Aging Study (n = 14,448). We developed a function measurement scale using Rasch analysis of 22 daily tasks and physical function questions. We tested psychometrics of the scale including factor analysis, fit statistics, internal consistency, and item difficulty. We investigated differences in function using multiple linear regression controlling for demographics. Lastly, we conducted subgroup analyses for chronic conditions. Results The created common metric demonstrated a unidimensional structure with good item fit, an acceptable precision (person reliability = 0.78), and an item difficulty hierarchy. The American adults appeared less functional than adults in Mexico (β = − 0.26, p < 0.0001) and across two chronic conditions (arthritis, β = − 0.36; lung problems, β = − 0.62; all p < 0.05). However, American adults with stroke were more functional than Mexican adults (β = 0.46, p = 0.047). Conclusions The Rasch model indicates that Mexican adults were more functional than Americans at the population level and across two chronic conditions (arthritis and lung problems). Future studies would need to elucidate other factors affecting the function differences between the two countries.
Introduction
Cross-national comparisons of patterns of population aging have emerged recently as comparable national micro-data have become available [1] [2] [3] . For instance, the World Health Organization Study on global AGEing and adult health [3] Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1113 6-018-1878-4) contains supplementary material, which is available to authorized users. and the United States (U.S.) National Institute on Aging [4] have made efforts to harmonize population-based longitudinal aging studies to provide rigorous research opportunities for cross-national comparisons on aging. Currently, 14 national aging studies have been harmonized in 22 European countries, six Asian countries, and three American countries [1] [2] [3] [4] [5] [6] [7] . The significance of comparative physical function research lies in the ability to understand how populations exposed to different social and policy contexts are likely to age. Previous studies reported that gender [8] and age [9] influence disability progressions between Americans and Mexicans. For instance, Gerst-Emerson et al. [9] reported that U.S. adults are more likely than Mexican adults to be disabled or have an increased number of disabilities within 2-year transition. In addition, Díaz-Venegas et al. [8] reported that Mexican adults have different patterns of disability progression across genders compared to adults in developed countries, such as the US. However, few studies have been designed to compare the health of the two populations across various chronic conditions and socioeconomic factors.
A major challenge in international health comparisons is incompatible outcome measures across countries. For this reason, previous U.S. and Mexico disability comparison studies relied on estimations of the percentage or likelihood of having difficulties performing daily activities [9, 10] . While this approach provided an indication of disability differences between the populations, these disability comparison approaches have been criticized for using two different measurement scales. Recently, the 1-parameter Rasch model of item response theory (IRT) has been utilized to develop a common metric across 24 European countries [5] , as well as the U.S. and England [6, 11] . While the research methodology is highly applicable for comparing the health of U.S. and Mexican populations, no attempts have been made to employ this common metric approach. Therefore, the objectives of this study are (1) to create a metric based on IRT approaches using function questions from the 2012 Health and Retirement Study in the U.S. (HRS) and the 2012 Mexican Health and Aging Study (MHAS) and (2) to determine whether the American adults are more functional than the Mexican adults.
Methods

Study data
We retrieved the American sample from the most recent wave 11 of the 2012 HRS and the Mexican sample from wave 3 of the 2012 MHAS [7, 12] because, while the HRS has been conducted every 2 years since 1992, the MHAS was conducted in 2001, 2003, and 2012 . Both HRS and MHAS targeted nationally representative, longitudinal, population-based samples for the U.S. and Mexico comprised health information for individuals over age 50, including socioeconomic, disability, and aging information [1, 2] . The HRS has harmonized portions of the main survey with 30 other international aging surveys to provide opportunities for cross-national comparisons [1] . The harmonized contents between surveys include demographics, activities of daily living (ADL), instrumental ADL (IADL), physical function, cognition, depression, chronic conditions, and other comprehensive socioeconomic indicators [2] .
We retrieved a total of 20,554 and 14,448 respondents aged 50 or older from the HRS and MHAS, respectively, who complete the ADL, IADL, and physical function questions. We utilized these self-report survey questions to create a common functionality metric between the two surveys [5, 6] . The Institutional Review Board of the University of Texas Medical Branch approved this study.
Variables
Outcome measure
We used six ADL (dressing, walking across a room, bathing, eating, getting in/out of bed, toileting), four IADL (preparing meals, shopping, taking medications, managing money), seven mobility (jogging 1 mile/1 km, walking 1 block, walking blocks, sitting for 2 h, getting up from a chair, climbing several flights of stairs, climbing one flight of stairs), and five physical function questions (stooping, reaching arms, pulling/pushing large objects, lifting weights of 10 lb/5 kg, picking up a dime) to create a common metric and estimate the functionality status of the U.S. and Mexico adult populations. The harmonized HRS and MHAS have dichotomized the response categories for the 22 function questions, including 1 (having difficulty) and 0 (having no difficulty). For ADLs and mobility tasks, those who said "cannot do" or "does not do" were assigned a value of 1 if they were unable to perform the activity and received help from someone. For IADLs, those who said "cannot do" or "does not do" were assigned a value of 1 ("yes, difficulty") if they were unable to perform these activities because of a health-related problem [7, 13] . We reversed the response categories into 1 (having no difficulty) and 0 (having difficulties) so that a higher score would indicate more functional capacity.
Socioeconomic and health covariates
Since the HRS and MHAS have different response categories, we made them comparable by collapsing adjacent response categories. The rescaling and description of each variable of the HRS and MHAS were described in a study by Díaz-Venegas et al. [8] We dichotomized the female, single (living alone), insurance (having any health insurances), and employed (currently working) variables into 1 = yes or 0 = no. Age remained continuous. Monthly income was collapsed into four categories in the MHAS: class 1-having no income or debts, class 2-monthly income between $1 and $359 (1-4999 Mexican Pesos), class 3-monthly income between $360 and $719 (5000-9999 Mexican Pesos), and class 4-monthly income over $720 (over 10,000 Mexican Pesos at the average 2012 current exchange rates). In the HRS, the monthly income consists of the same four categories with different amounts of income, including class 1-having no income or debts, class 2-monthly income less than $10,000, class 3-monthly income between $10,000 and $19,999, and class 4-monthly income over $20,000. Body mass index (BMI) was used as an indication of obesity and it was calculated as weight in kilograms divided by height in meters squared [14] . Depression symptoms were measured by the Center for Epidemiological Studies Depression (CES-D) which consists of nine questions, including feeling depressed, feeling that everything is an effort, restless sleep, feeling happy, feeling lonely, feeling that life is enjoyable, feeling sad, feeling tired, and feeling energetic [15] . We reversed three questions (feeling happy, life is enjoyable, and feeling energetic) of the CES-D so that high scores reflect more severe depressive symptoms. Similarly, the self-rated health question consists of a 5-point rating and was reversed to 1 = poor to 5 = excellent. For cognition, we used the immediate and delayed verbal recall questions. Because the HRS has a 10-word recall item and the MHAS has an eight-word recall item, we converted the responses of the two questions into ratio of success for disability comparisons. Finally, self-reported chronic conditions were classified as 1 = yes or 0 = no for stroke, arthritis, diabetes, cancer, lung problems, heart problems, and hearing problems.
Statistical analysis
Statistical procedures consist of two phases: (1) testing and creating an ideal common metric between the two surveys and (2) comparing the level of functional status across samples by using the ideal item calibration (ruler) from the first step. We randomly separated each data set into two parts: (1) 2000 random respondents (1000 respondents in each data set) to test the unidimensionality assumption among the 22 test items and the full sample (n = 35,002) to create a common metric between two surveys; and (2) all 35,002 respondents for comparing the health status between the two populations ( Fig. 1 ).
Step I included evaluation of unidimensionality (factor analyses), Rasch analysis (fit statistics, precision, item difficulty hierarchy), and item co-calibrations (a common ruler) of the HRS and MHAS data.
Step II includes (1) estimating separate person measures (level of function) for the HRS and MHAS samples using the cocalibrated item measure (e.g., the common ruler) and (2) estimating differences in the level of function between the two populations across chronic conditions while adjusting for covariates.
Descriptive statistics were conducted to examine differences in demographics and socioeconomic variables between the HRS and MHAS. SAS 9.4 software was used to manage the survey data and generate descriptive statistics [16] .
Unidimensionality
Unidimensionality is a core assumption of the Rasch model when building a measurement [17, 18] . We examined the unidimensionality of the 22 function questions with the random sample (n = 2,000) using exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) [17, 18] . We used the first 1000 random sample (HRS = 497, MHAS = 503) to explore the measurement structure of the 22 function questions using EFA with Weighted Least Squares with Adjustments for the Mean and Variance (WLSMV) estimations [17, 19] . The unidimensionality assumption of the 22 function questions was determined by factor loadings and the goodness of fit statistics including comparative fit index (CFI > 0.95), Tucker-Lewis Index (TLI > 0.95), and root mean square error of approximation (RMSEA < 0.06) [17] . Using the remaining 1000 random sample (HRS = 503, MHAS = 497), we conducted CFA with a one-factor solution to confirm the identified factor structures obtained in the EFA. Mplus software version 7.4 was used to perform the factor analyses [19] .
Rasch analysis
Once we obtained a set of items supporting the unidimensional assumption, we utilized a parametric Rasch model to create a common metric between the HRS and MHAS with the full respondents (n = 35,002). The purpose of this Rasch analysis was to create the optimal metric for estimating precise item calibrations for the 22 function questions to compare health status between the U.S. and Mexico populations. First, the item fit to the Rasch model was examined by infit (weighted), and outfit (un-weighted) mean square residual (MnSq). The ideal value of MnSq is 1.0, indicating that the observed and expected score are the same. In this study, the criteria for both infit and outfit statistics were a range of 0.40-1.60 for surveys [20, 21] .
Next, we examined differential item functioning (DIF) for the 22 function status questions by survey (HRS vs. MHAS) to test if there were different response patterns between the two populations [22] [23] [24] . We utilized the 1000 random sample (HRS = 503, MHAS = 497) for DIF because all DIF results become significant with the large sample size, which makes it impossible to identify meaningful DIF items. The DIF criteria were 0.64 logits as a moderate DIF and 0.43 logits as a single to moderate in the DIF contrast at an alpha value of 0.05 with 2-sided tests of Rasch Welch t-tests [23, 24] . If items demonstrated DIF, we removed them and re-ran the Rasch analysis on the remaining items.
The precision of the common metric was examined by Rasch-based person reliability, which is similar to the traditional statistics of Cronbach's alpha [24] . In addition, the number of person strata for the Rasch model was examined. Person strata indicates distinct person ability groups that are three standard errors apart from one another [25] . We used at least three person strata as a precision criterion, which is equivalent to a reliability of 0.80 [26] . Next, we examined the item difficulty hierarchy among the final functional questions.
After examining the psychometrics of the common metric, we generated item co-calibrations. We utilized this information to separately anchor the full HRS (n = 20,554) and MHAS (n = 14,448) samples onto the generated item cocalibrations to estimate health status (person measures) for each sample. The estimated person measures were calibrated along the same linear interval scale (log equivalent units or logits), which allowed us to perform multiple linear regression models [27] . Winsteps® Rasch Measurement, Version 3.91.2 was used to conduct Rasch analysis [24] .
Disability comparison
We built multiple linear regression models to compare functional status between the U.S. and Mexico. The dependent variable in the regression models was the functional status person measures (logits) estimated from the HRS and MHAS sample. The independent variables were country (U.S. vs. Mexico), demographics (female, single, health insurance, current employment, monthly income, BMI, depression, and cognition), and chronic conditions (stroke, arthritis, diabetes, cancer, lung problems, heart problems, and hearing problems). First, we estimated functional status differences at the population level (Model I) and then we conducted subgroup analyses across chronic conditions (stroke, arthritis, diabetes, cancer, lung problems, heart problems, and hearing problems) by controlling for all covariates included in Model I. Functional status differences were presented as regression coefficients with corresponding 95% confidence intervals (CI) by country. SAS 9.4 software was used to perform multiple linear regressions [16] . Table 1 presents descriptive characteristics of the 2012 HRS and MHAS sample. The American and Mexican samples were statistically different with the exception of female, memory (immediate word recall and delayed recall), and diabetes. While the Mexican adults were younger (mean = 63.5 years) and had less health insurance (46.5%) than the American adults (mean = 67.2 years and 55.6%, respectively), more Mexican adults were working and had fewer chronic conditions (stroke, arthritis, cancer, lung problem, heart problem, hearing problem). However, the Mexican adults had more depressive symptoms (mean of 3.4 in CES-D) and lower self-rated health (mean of 2.3, indicating "Fair") scores than the American adults (mean of 2.0 in CES-D and mean of 3.1 self-rated health, indicating "Good").
Results
Unidimensionality
The EFA with one-factor model demonstrated a dominant measurement construct among the 22 function questions with excellent model fit (CFI = 0.979, TLI = 0.977, RMSEA = 0.045) and high factor loadings on the first factor structure (λ > 0.667). The eigenvalues of the first four factors were 14.36, 1.84, 0.96, and 0.81, respectively, and the ratio of first to second eigenvalues was 7.79 (> 4 supporting the unidimensionality assumption) [17] . The CFA with one-factor solution also supported the identified factor structure with excellent model fit (CFI = 0.971, TLI = 0.969, RMSEA = 0.059) and high factor loadings on the dominant measurement structure (λ > 0.620). The dominant factor explained 66.4% of the variance.
Rasch analysis
There were six DIF items across the two surveys, including bathing (DIF contrast = 1.47), managing money (DIF Table S1 ). We removed the six DIF items from the 22 function items. Table 2 presents the items fit to the Rasch model with no DIF items. After removing the six DIF items, all items were a good fit to the Rasch model, except for reaching arm (Infit MnSq = 1.26, Outfit MnSq = 1.68), picking up a dime (Infit MnSq = 1.29, Outfit MnSq = 2.12), and taking medications (Infit MnSq = 1.11, Outfit MnSq = 2.62). We excluded the misfit items and estimated item parameters for the disability comparisons.
The remaining function items demonstrated a conceptual item difficulty hierarchy (Fig. 2) . The most challenging items were climbing several flights of stairs (3.31 logits) and stooping (3.14 logits) and the easiest items were toileting (− 1.81 logits) and eating (− 2.73 logits). The cocalibrated item measures were employed to anchor the full HRS (n = 20,554) and MHAS (n = 14,448) samples to estimate the health status for each population using the same measurement scale. The 13 function items demonstrated acceptable precision levels (person reliability = 0.78). The Rasch model separated the sample into approximately 3 distinct groups (person strata = 2.7). However, there were high ceiling effects, with 36.6% (n = 12,801) of the sample demonstrating maximum scores. The minimum and maximum person measures estimated by the Rasch model were − 5.26 logits and 5.32 logits, respectively. Table 3 presents the regression coefficients for functional status by country and covariates in the multiple linear regression model (R 2 = 0.42, p < 0.0001). The American adults showed significantly lower functional status (more disability) than the Mexican adults when controlling for demographics and chronic conditions (β = − 0.258, p < 0.0001). Specifically, aging, female, single, health insurance, high BMI, depressive symptoms, and chronic conditions (stroke, arthritis, diabetes, lung problems, and heart problems) were negatively associated with functional status among the American and Mexican adult populations. However, current employment, high self-rated health, and good cognition (immediate and delayed word memory) were positively associated with functional status for the two populations.
Disability comparison
Additionally, we ran subgroup analyses across seven chronic conditions (stroke, arthritis, cancer, diabetes, lung problems, heart problems, and hearing problems) using multiple linear regression models, adjusting for demographics and other chronic conditions. Similar to the health comparison at the total population level, the American adults demonstrated lower function (more disability) than the Mexican adults who reported having arthritis (β = − 0.36, p < 0.0001) 
Discussion
This study created a common linear metric for assessing the functional status between the American and Mexican older adult populations using a Rasch model. The resulting item set included 13 function items from the HRS and MHAS to construct a common metric that demonstrated good psychometrics, including a unidimensional measurement structure, conceptual item difficulty hierarchy, good fit statistics, and acceptable precision. Based on the Rasch common metric, older Mexican adults demonstrated better functional status (less disability) than older American adults. The Rasch model indicates that Mexican adults report better physical function than Americans at the population level and across various chronic conditions (arthritis and lung problems); however, American adults with a history of stroke reported higher functional status than their Mexican counterparts. We speculate that some of the differences found across the two countries may be due to different survival rates between the current cohorts of older adults, where sick adults may be more likely to survive to old age in the U.S. than in Mexico [28] . This pattern may be evident in other comparisons between developed and developing countries. However, we speculate that these cross-national differences may narrow in the future due to rapidly changing socioeconomic factors within developing countries [9] .
Our findings are consistent with previous disability comparisons between the U.S. and Mexico. Gerst-Emerson et al. [9] adults demonstrated a more rapid rate of disability transition compared to the Mexican adults. In addition, a recent study reported that the life expectancy (e.g., free of disability) of Mexican adults was higher than that of American adults [29] . While these previous studies provide an indication of disability differences between the two counties, their estimations were not based on a common metric and did not measure the actual amount of disability of American and Mexican adults. In contrast, our Rasch modelled metric estimates the amount of the latent trait (functional status or disability levels) based on a common scale [6, 25] . In addition, the Rasch model indicates what people can or cannot do. For instance, on average, American adults had difficulty walking blocks, climbing several flights of stairs, and stooping (mean = 2.72 logits); however, Mexican adults (mean = 3.07 logits) had less difficulty in performing the same tasks. Similarly, the two populations had less difficulty in ADL tasks (i.e., eating, shopping, walking, getting out of bed, toileting, and eating). These disability estimations and specific item difficulty levels provide more compressive information for health policy establishments for community-dwelling adults. For instance, health care services for the easy ADL tasks may not be necessary for the community-dwelling adult populations because they are likely independent in performing these ADL tasks. Instead, upper extremity strengthening programs or adaptive equipment services would be appropriate for these adult populations. In addition, in contrast to previous research which compared disability by gender and age between the U.S. and Mexico [8, 9] , our study provided more detailed information about which socioeconomic factors were associated with disability levels. These findings also serve as descriptive information for quasi-experiential designs (e.g., propensity score matching) that can reflect the cause of health differences between the two countries.
The created common metric demonstrated a similar item difficulty hierarchy as the 2010 and 2011 Survey of Health, Ageing and Retirement in Europe (SHARE) [5] . In our study, the most difficult items were stooping and climbing several flights of stairs and the easiest items were toileting and eating; our results match those found by the Rasch modelled SHARE scale. In addition, the two metrics supported the invariant measurement construct with similar measurement precision: HRS-MHAS (person reliability = 0.78, person strata = 2.7) and SHARE (person reliability = 0.74, person strata = 2.6). These findings indicate that the created common metric between the HRS and MHAS could be cocalibrated with the SHARE metric to compare disability severity among the US, Mexico, and 16 European countries.
In addition, the DIF findings provided critical information for international disability comparisons. While there were no DIFs on most basic ADLs like bathing or preparing meals, and IADLs like managing money, other items demonstrated DIFs across the two countries. These differences may be due to the unique cultural aspects of the two countries, such as different home environments, social roles, and/or technologies in the communities. These were new findings expand the previous literature, which focused only on DIFs across gender and age [5, 6] . For instance, the different home environment or access to technologies between the U.S. and Mexico may result in different item difficulties on the same items. In addition, while the HRS sister studies have attempted to include harmonized measures and procedures [1, 2] , some items still reflect differences that pose measure challenges. For instance, the jogging 1 mile item in the HRS was translated into the jogging 1 km item in the MHAS. However, the DIF results indicated that the item difficulty estimation in the HRS (5.93 logits, SE = 0.24) was significantly greater than the item difficulty estimation in the MHAS (4.53 logits, SE = 0.19), which is conceivable given the distance differences. The MHAS administrators might want to use km unit instead of mile unit because km unit is the official unit in Mexico, and it is more understandable for Mexican adults. However, the actual distance of 1 mile is 1.6 km, meaning that the same question could represent a more challenging level for Americans than Mexicans. Therefore, researchers should be aware of distinct cultural differences when conducting healthy comparison studies using the HRS sister studies. In short, the presence of DIFs on these items could affect the item difficulty calibrations and its psychometrics, potentially influencing disability estimations across countries.
Our study has several limitations. First, since the U.S. adults appeared to have lower functional status than the Mexican adults, future studies would need to further expand research on the major factors that affect functional status and cause differences between the two countries, including socioeconomic or contextual factors which were not administered by the national surveys. Second, the disability levels were estimated using a cross-section design, and do not represent causality. Future longitudinal studies would need to identify the actual causes of health differences for the two populations who survived only between two timepoints. In addition, we did not control for behavioral factors known to influence both disability and comorbid conditions, such as smoking, drinking, dietary patterns, sedentary lifestyle, and/or drug use, due to difficulties in creating comparable response categories in those items [7, 9] . Since these factors can also affect functional status, future studies are needed to control for these covariates when estimating and comparing functional status across countries. In addition, the DIF results were based on a randomly selected sample (HRS = 503, MHAS = 497) since the full sample inflated all DIF results which prevents the ability to identify meaningful DIF items. Similarly, the fit standardized mean square results (ZSTD) were also inflated by the full sample [30] . Lastly, while we used the ratio of success as well as a Z score scaling in the immediate and delayed recall items to account for the different number of recall items in the HRS and MHAS, the recall items in the HRS are still harder than those in the MHAS as the American adults had to memorize two more words than the Mexican adults.
Conclusions
A Rasch modelled metric demonstrated that American adults were less functional than Mexican adults. This was the first attempt to compare the functional status between the two populations using a common scale. In addition, some ADL and IADL questions of the HRS and MHAS demonstrated different response patterns on the Rasch model across the U.S. and Mexico, which could result in a biased functional status estimation. Using the Rasch modelled functional status scale, future studies will be able to identify the causes of the health differences between the U.S. and Mexico revealed in this study.
